Anesthesia has developed to the point where long term outcomes are important endpoints. Elderly patients are becoming an increasingly large part of most surgical practices, consistent with demographic shifts. Long term outcomes are particularly important for this group. In this review, we discuss functional outcomes in the elderly. We describe the areas of cognitive change and frailty, both of which are specific to the elderly. We also discuss prevention of surgical infections and emerging evidence around hemodynamic alterations in the operating room and their impact on long term outcomes.
The immediate risk of anesthesia used to be considered to be quite high. Intraoperative mortality was a significant issue that required substantial effort to address. Avoiding intraoperative catastrophe was the primary mission of the anesthesiologist. Fortunately, through the efforts of our national organizations dedicated to patient safety and quality improvement, the incidence of intraoperative mortality has decreased significantly. 1 One could argue as to whether this is due to improved monitoring, better drugs, improved delivery devices or professional aptitude. Whatever the cause, immediate perioperative mortality is reported to have been reduced to 1 death per 10,000 over about 50 years. Beyond the obvious benefit to the patient, this state has provided an opportunity for anesthesiologists to examine outcomes over a longer period of time. While the Joint Commission for the Accreditation of Health Care Organizations continues to require documented follow-up of anesthetized patients up to 48 hours following a procedure, outcomes researchers have reached far beyond this time frame to search for perioperative outcomes months to years following a procedure. Elderly patients have higher risk of morbidity and mortality in the perioperative period and therefore are in the position to benefit the most from improvements in perioperative care.
Even healthy elderly patients continue to have a relatively higher incidence of mortality and morbidity. 2 The reason for this phenomenon has not been elucidated and is the subject of significant scientific and social interest. In particular, long term outcomes represent an area of interest to the geriatric anesthesiologist. In the middle of the previous century, advanced age (over 55) was considered a contraindication to surgery and anesthesia. 3 Today, operations are routinely performed on centenarians. In this report, we briefly review the physiology of aging that contributes to alterations in outcomes as well as the information available regarding these outcomes and how perioperative management may offer an opportunity to improve them.
AGING
Normal aging should be differentiated from disease processes that have a higher incidence in older patients.
Normal aging is those changes related directly to the aging process and not to a defined disease. For example, there is some arterial stiffening, particularly of the large vessels with resultant concentric ventricular hypertrophy in even well conditioned elderly patients with no cardiac disease. There are manyage related diseases such as the dementias and arthritis associated with poor mobility that are common, but should be distinguished from aging per se. When the burden of age-associated illness is low, this may lead to successful aging. 4 These individuals are vibrant and active into late age, with limited impairment. However, muscle mass decreases even in the well conditioned, exercising elderly person. In order to distinguish aging from disease, researchers have had to carefully screen patients for disease processes. In doing so, many long held beliefs concerning aging have changed. One might therefore question how to define age in research context. In practice, defining age by any other than chronological age is difficult. Many studies of aging have included patients of age 60 or more commonly 65 and above. A recent trend has been to set the lower limit at 70 years of age and to make serious attempts to include patients in their late eighties and nineties in study designs. Cohorts of centenarians have also been studied fairly extensively.
Due to significant inter-individual variability, the assessment of each patient becomes critical. Despite its association with increased perioperative morbidity and mortality, chronological age is not a good gauge of aging physiology. All organs in a single body do not age synchronously. Described in the context of the ability to maintain homeostasis, homeostenosis represents the decreasing reserve capacity needed to achieve an increased level of function in response to stress. 5 Conceptually, this limited ability to adequately compensate for the stress of surgery and anesthesia may be related to long term outcomes from surgery.
SURGICAL OUTCOMES PRIMARILY RELATED TO AGING
One of the major tasks that face researchers in the field of geriatrics is the determination of appropriate outcomes measures for elderly patients. There is a desire for some type of universal metric that would incorporate functional outcomes including quality of life and pathological outcomes (i.e. state of the disease). The concern is that typical pathology outcomes, e.g. troponin release defining a myocardial infarction or even post MI myocardial function ignores how the patient perceives their health. Return to normal function is the primary concern, so a significant pathology that does result in diminished function, for example a myocardial infarction with limited myocardial damage is less concerning than cognitive impairment (from either stroke or dementia) which would limit independence and may require admission to a skilled nursing facility. So, unlike younger patients, in whom recovery is to be expected, the spectrum of outcomes are varied and morbidity may be persistent. Functional outcomes measures are a vital aspect for understanding the impact of care in elderly.
A universal outcome (even a generally agreed upon such measure) does not exist as of yet. The recent interest in comparative effectiveness research has heightened an interest in this approach as researchers and policy makers try to decide how to judge what courses of treatment are effective in the elderly. There are general functional outcomes such as activities of daily living (ADLs) and independent activities of daily living (IADLs) for elderly patients. There are also a series of specific postsurgical pathology which are primarily problems of the elderly. For example, patients have been concerned about deterioration of cognitive function after surgery. There are two fairly well documented approaches to assessing cognitive change which we will discuss. Finally, there are many broader outcomes such as postoperative infection for which old age per se is not a major factor to which elderly patients may be more susceptible. In some of these areas, there is an indication that choices made in the perioperative period, e.g choice of anesthetic or care patterns, have an impact on long term outcomes.
Functional Outcomes
Traditional outcomes from surgery are defined within a period following a surgical procedure, frequently 30 days and tend to focus on morbidity and mortality. Hamel reported on 26,648 patients aged ≥80 (median age 82) and 568,263 patients < 80 (median age 62) from the Veterans Administrations National Surgical Quality Improvement Program (NSQIP) database. 6 Thirty day mortality varied by procedure but were higher for patients >80. Despite this, for many common procedures, mortality is still relatively low (<2%). The incidence of complications increases with age, but probably more important is the impact of complications on mortality and functional recovery increases with age. Twenty precent of patients >80 years old had one or more complications and the presence of a complication increased mortality from 4% to 26%. Respiratory and urinary tract complications were the most common.
The primary concern of both elderly patients and the policy makers in charge of Medicare is disability. Symptoms and disability are the principal outcomes of most disease processes for the mid to late life patient. Verbrugge and Jett conceptualized disability in a way which helps to clarify concetpts that are important in this debate. 7 Disability may begin with a disease or pathology. However, many people have no impairments of note from their disease. At a next level, impairments occur at the organ system level and are dysfunctional and structural abnormalities in specific body systems, such as cardiovascular or neurological. Anesthesiologists consider these are ASA Physical Status 2 patients. Functional limitations, actual restrictions in basic physical and mental abilities such as ambulation, reaching, bending, and communicating intelligibly consistute the next level (ASA PS3). Finally, disability itself evolves in a context and occurs when there is an insurmountable gap between an individual and environmental demands such that their expected social role is compromised. The World Health Organization makes the point that disability is a complex phenomenon reflecting an interaction between an individual' a body and features of the society. (http://www.who.int/topics/disabilities/en/) A desire to avoid disability and preserve or improve functional status represents the goal of therapy for a geriatric patient. Activities of daily living (ADL) and instrumental activities of daily living (IADL) are the most common measures of functional status. 8 ADLs and IADLs are subjective reported measures evaluating basic activities and essential measures of independence, respectively. (See tables 1 and 2) Lawrence et al. described the impact of surgery on functional outcomes in 372 elderly patients undergoing abdominal surgery. 9 The participants were assessed preoperatively and postoperatively at 1, 3, and 6 weeks, 3 and 6 months, using self-report, including ADL and IADL, and performance-based measures including the timed walk, functional reach, and hand grip strength. The mean recovery times were: timed walk, 6 weeks; ADL and functional reach, 3 months; and IADL, 6 months. Remarkably, mean grip strength did not return to preoperative status by 6 months. (see Fig 1) Thus functional recovery for patients over 60 takes 3 to 6 months or longer.
Frailty
Frail relates to being easily broken or destroyed, and frailty is the quality or state of being frail. Frailty, is primarily a geriatric syndrome which has received much attention in the past few years. Clinicians are familiar with the frail patient in a general sense, patients with decreased muscle mass who move slowly and seen to be, well, frail. However, a coherent universally accepted definition of frailty has not been developed. The first major attempt to define this sydrome was undertaken by Fried who focussed primarily on sarcopenia. Sarcopenia is the loss of muscle mass and is considered by many to be an inherent component of frailty models. This model included a cycle of frailty, in which sarcopenia created decreased activity which resulted in even more decrease in muscle mass. More recently in the perioperative arena, investigators have defined frailty by a combination of parameters. Although not standardized, these measures tend to include some functional component, such as a timed 15m walk and some historical factors, such as a history of weight loss or depedency in 1 or more ADL.
Frailty is an interesting concept when considering long term outcomes in the elderly. Recall the long duration for recovery of ADLs and IADLs described above. Many scales would suggest that many elderly patients become frail or more frail in the immediate postoperative period, but that they eventually regain the robustness. 10 This suggests that frailty can be reversible and a potential target for improved outcomes. To date, this approach has not been studied.
Frailty has been commonly perceived as a risk factor for poor outcomes in the elderly. Most recently, Robinson et al reported on a cohort of 223 elderly patients in which the investigators characterized a model of frailty consisting of 6 domains: burden of comorbidity, function, nutrition, cognition/mental, geriatric syndromes, and extrinsic frailty. They did not devise a single frailty number however many of the tests included in the frailty battery predicted institutionalization following surgery. 11 MaKary et al defined a frailty score including weight loss, grip strength, exhaustion, physical activity and walking speed. 12 Using this model, frailty was an independent predictor of discharge to a supported facility, the number of complications and length of stay. They were specifically able to show an advantage to adding their frailty index to either the ASA physical status or either the Lee or Eagle comorbidity scores. (see figure 2) . In 1993, McEwen and Stellar, described allostatic load as consequences of chronic exposure to fluctuating or heightened stress. 13 In essence, repeated stress on the body results in damage. This idea is related to the concept of homeostenosis described above. It is not clear frailty could be considered the phenotype of a high allostatic load. 14 Frailty is an evolving area that will have a major impact on our conception of elderly assessment over the next few years.
Cognitive Outcomes
In the 1950's, anesthesiologists began to document significant change in cognitive abilities of patients following surgery and anesthesia. A number of different pathologic states have been defined. These include inadequate emergence and emergence delirium, postoperative delirium (24-72 hours after surgery), and postoperative cognitive dysfunction (POCD), Delirium is a behavioral phenomenon which can be defined by observation and which is defined in the psychiatry literature. POCD is a research finding of deterioration in neurocognitive testing that requires a pre-operative and post operative test(s) to define.
There also appear to be some cases in which significant if not catastrophic cognitive deterioration occurs. These patients are not included in studies and if they were would probably drop out. We know of these cases through public forums such as the Alzheimer Disease Online Community (see for example: http://alzheimers.infopop.cc/eve/forums/a/tpc/f/214102241/m/3011075861/p/1) There are essentially no data on these cases, which are either anecdotes or medico-legal cases although there are some popular publications addressing this subject. 15 Some retrospective reviews of patients in dementia surveillance programs have suggested that Alzheimer's disease (AD) is more common after coronary artery bypass surgery versus percutaneous cardiac interventions 16, 17 while others do not support the idea that general surgery and anesthesia cause a change in the trajectory of dementia. 18 However, the idea that anesthetic agents may be involved has been proposed based on laboratory observations that various anesthetics play a moderating role in the pathways leading to hyperphosphorylated Tau and neurofibrillatory tangles including caspase activation, apoptosis and the metabolism of betaamyloid. 19,,20 This is an extremely active area in which multiple different laboratory observations focus on the biochemical consequences of anesthetic exposure on AD pathogenic pathways. 21 However, the link between these laboratory observations and clinical dementia has not been established, as has been described in the summary reports of recent conferences convened to discuss these issues. 22 Postoperative delirium (POD) has been identified by a large number of national surveys of the top research issues as an important issue that cuts across surgical specialties and has a significantly higher incidence in older patients. It has been associated, as noted below, with prolonged length of hospital stay and other long term consequences. The level of functional impact of POCD is less established. There are some data that cognitive change has an impact on functional outcomes such as ADLs and IADLs or the ability to work or collect support payments. 23 Delirium is sudden severe confusion and is associated with rapid changes in brain function that may occur with physical or mental illness. Delirium involves an oscillation between mental states (for example, from lethargy to agitation and back to lethargy). Symptoms include alterations in: alertness, feeling (sensation) and perception, level of consciousness or awareness, movement (for example, may be slow moving or hyperactive), and sleep patterns, including drowsiness. There is also frequently confusion (disorientation) about time or place, a decrease in short-term memory and recall, disrupted or wandering attention, an inability to think or behave with purpose and problems concentrating, disorganized thinking, emotional or personality changes, and movements triggered by changes in the nervous system (psychomotor restlessness).
POCD is more difficult to define. Broadly it refers to deterioration in cognition temporally associated with surgery. The determination of POCD requires preoperative neuropsychological testing baseline and a determination that defines how much of a decline is called cognitive dysfunction. The domains that were most sensitive include: verbal learning and working memory, episodic memory, processing speed, and set shifting. The impact on verbal abilities, perception, attention, and abstract thinking is less clear. Valid pre and postoperative testing is essential to the diagnosis of POCD as self reporting of cognitive symptoms has been demonstrated to be inaccurate. 24 Unfortunately, there has not been a standard methodology used in the multiple studies within the POCD literature. 25 Investigators have used different tests, different timing and different standards for the amount of deterioration that is used to definte POCD. Although there was an attempt at a consensus conference in 1996, 26 these suggestions were significantly different than those that were already in use by the International Study of Postoperative Cognitive Dysfunction (ISPOCD). 27 Both this group and associated investigators were actively using the ISPOCD defintions at the time and the consensus group did not include any of these investigators. Other investigators have subsequently used a variety of different definitions. Thus, a consensus has failed to emerge. Therefore, it is difficult to define the presence and therefore incidence of POCD or to clearly understand the relationship between POCD and other dementing illnesses.
The incidence of POD for non-cardiac general surgery ranges between studies 5-15%. 28 Certain groups such as hip fracture patients the range is 16-62% with an average of 35%. 6 The true incidence of POCD may be masked by attrition of the worst cases. No study has accounted for the aforementioned attrition. POCD may resolve with time. Currently it seems the incidence of initial deterioration in older patients is high (25% at 2-10 days) with gradual resolution (10% at 3 months, 5% at 6 months, 1% at 1 year). 29 At 1 year, the cognitive decline is indistinguishable from matched controls.
The etiologies of delirium and POCD remain unknown. There is some evidence to suggest that highly organized perioperative care can decrease the incidence of delirium. There is early evidence that the amount of sedation given in the operating room can influence the incidence of delirium. 30 In this study, patients who had suffered a hip fracture and were to undergo repair under subarachnoid anesthesia were randomized to one of two sedation regimens. Sedation depth was titrated using the bispectral index (BIS), and patients were randomized to receive either deep (BIS, approximately 50) or light (BIS, >or=80) sedation. The prevalence of postoperative delirium was significantly lower in the light sedation group (11/57 [19%] vs 23/57 [40%] in the deep sedation group; P=.02). The author calculated that 1 incident of delirium will be prevented for every 4.7 patients treated with light sedation. A larger study is currently evaluating this approach, but it does provide the first direct evidence of the ability to significantly impact the incidence of delirium with intraoperative alternatives.
GENERAL LONG TERM OUTCOMES Surgical Site Infections
There are a number of other areas in which anesthesiologists have developed an interest in interventions that are associated with an impact at some distance from the anesthetic itself. Surgical site infections (SSIs) lead to adverse patient outcomes, including prolonged hospitalization and death. SSIs are common, occurring in 2% to 5% of patients undergoing surgery in the United States. 31 The Society for Healthcare Epidemiology of America/ Infectious Disease Society of America Compendium of Strategies to Prevent HAI in Acute Care Hospitals summarized methods used to prevent SSI. 32 Anesthesiologists are involved in this area at three essential points, the administration of antibiotics, the use of supplemental oxygen and the maintanence of normothermia.
Antimicrobial prophylaxis-Perioperative antimicrobial prophylaxis is a proven intervention that reduces the risk of SSI in elective procedures. 33, 34 The goal of prophylaxis is to reduce the concentration of potential pathogens at or in close proximity to the surgical incision. The two major components of an appropriate perioperative antimicrobial prophylaxis program are giving the agent at the appropriate time and using the appropriate agent at the appropriate dose. In one retrospective study of approximately 3000 patients, the lowest rates of SSI occurred in the group of patients who received antimicrobial prophylaxis within 1 hour before incision. 34 The Surgical Quality Improvement Project (and the Center for Medicare and Medicaid Services (CMS)) process measures state that starting infusion of antimicrobial prophylaxis within 1 hour before incision maximizes benefit (2 hours before incision for vancomycin and fluoroquinolones). 35 If prophylaxis is started as soon as 1 minute before incision, the OR team is still in compliance from a regulatory perspective. Although this practice may follow the strict definition of the criteria, it certainly does not follow our understanding of the science and therefore the spirit of the criteria. For most agents, antimicrobial prophylaxis is most effective if infusion is started between 30 and 60 minutes before surgery. Antimicrobial prophylaxis given 0 to 29 minutes before surgery was less effective than comparable therapy administered between 30 to 59 minutes before surgery in one prospective observational study of 3836 surgical patients. 36 Supplemental Oxygen-Anesthesiologists are primarily responsible for the oxygen concentration used in the operating room and the amount of supplementation used following surgery. To date, there are six randomized controlled trials that have evaluated the utility of high inspired oxygen fraction in the perioperative period. 37, [38] [39] [40] [41] [42] A reduction in the rate of SSI after administration of 80% FiO2 during and after surgery was demonstrated in four studies. 37, 38, 39, 41 One study reported no difference. 40 One report concluded that administration of 80% FiO2 led to higher rates of SSI. 42 A recent meta-analysis that included 5 of the earlier-mentioned trials (including the negative study) concluded that high inspired oxygen decreased the risk of SSI. They also noted significant methodological differences between the studies 43 On balance, supplemental oxygen seems to reduce the risk for SSI in certain surgeries such as colorectal and abdominal surgeries with a limited risk profile.
Normothermia-A case has been made for the importance of normothermia (usually requiring active warming) during and following an operation as a means of avoiding infection. Kurz demonstrated a significant decrease in both SSI (19% vs 6%) and length of stay for patients who have been kept normothermic. 44 This and other reports have led to a recommendation in the Surgical Quality Improvement Project to maintain normothermia for colorecral surgery. There has been some recent concern regarding the utility of this standard. 45 There are other reasons apart from SSI to achieve normothermia, including a decrease in transfusion requirements. 46 
Triple Low: Mean Arterial Pressure, Minimun Alveolar Concentration, Bispectral Index
Perhaps the most intriguing of areas in which long term outcomes are the focus of intense research was put into play by the Outcomes Research Group headed by Dr. D. Sessler at the Cleveland Clinic. They have identified a combination state, referred to as a triple low, which is an excellent predictor of 30 and 90day mortality, at least in preliminary evaluations. There are currently at least two major studies of this concept underway. The triple low condition consisting of Bispectral Index (BIS) <45, mean arterial pressure (MAP) <75 mmHg, and end-tidal volatile anesthetic concentrations in minimum alveolar concentration (MAC) equivalents <0.7. This ominous combination may identify patients who are especially sensitive to anesthesia and, possibly, at risk of brain hypoperfusion. Preliminary results indicate that 90-day mortality is similar at ≈2.0% in patients who never experience a Triple Low and in those given vasopressors in ≤5 min, but significantly greater at 2.97% in those given vasopressors later or not at all. Although this information has not been age adjusted to date, the interest to gerontologists is clear. The blood pressure limit of 75 mmHg is usually considered a well tolerated blood pressure, so this paradigm raises the bar of what is called hypotension in the perioperative period. 47 Just having a blood pressure below this cutoff is not the primary concern, but rather finding this condition in the presence of either a low MAC and/or a low BIS reading. A low MAC would indicate that the low pressure is ocurring in a patient with relatively low level of general anesthetic agent, i.e. a patient who is very sensitive to anesthetics. This is most commonly either a patient who is very ill or an elderly patient. The low BIS score would indicate that the patient's brain is deeply anesthetized. In the presence of a low MAC, this would have to be explained by increased sensitivity, again either due to concurrent illness or age. Low BIS for a prolonged period of time has been associated with increased mortality in and of itself, although no prospective studies have confirmed this result. In the triple low concept, the combination of all three creates a state that, if not corrected rapidly, is associated with a marked increase in short term mortality. An interesting aspect of this finding is that it suggests an approach to correcting it. By paying attention to this combination of signs and reacting rapidly, alterations in mortality appear to be prevented. This is an area that will generate much work in the next few years. It is particularly interesting as anesthesiologists have been relatively sanguine about mean blood pressures down to about 60 mmHg. Triple low may identify patients who are frail and vulnerable to complications in the perioperative period. However, one of the major problems with this study was that MAC was not adjusted for age.
INTERVENTIONS TO IMPROVE GERIATRIC OUTCOMES
For many years, investigators have evaluated the role of geriatric focussed care most commonly under the moniker of comperhensive geriatric assessment (CGA). In his Joseph Freeman lecture, Rubenstein outlined the history and general efficacy of this approach as well as the limitations imposed by the current systems of reimbursement for medical care. 48 (Rubenstein) Many of these programs have been directed as orthopedic services and have shown promising results. 49 Marcantonio et al has shown that a similar approach decreases the incidence of delirium in patients with hip fractures. 50 (See Table 3 )One case of delirium was prevented for every 5.6 patients in the geriatrics consultation group. The Hospital Elder Life Program (HELP) is a form of this approach specifically directed at the prevention of delirium which has been successfully employed in both academic medical centers and community hospitals. 51 These programs do not offer anything unusual or innovative, rather they apply standard geriatric principles to the care of perioperative patients. It would seem that these approaches would benefit most elderly patients.
CONCLUSION
Perioperative care of the elderly is still a developing field. While the number of patients is significant, the amount of specifically perioperative research remains limited. The practitioner must extrapolate from a variety of reports to develop a coherent anesthetic and perioperative plan. Long term outcomes are particularly important and an evolving area of anesthetic practice, but there is increasing evidence that the care provided in and around the operating room will have impacts significantly beyond the immediate perioperative period. (A) American Society of Anesthesiologists (ASA), (B) Lee, and (C) Eagle risk indices. Each panel shows the area under the receiver operator characteristics (ROC) curve to demonstrate the ability of the specific risk index to predict surgical complications and discharge to an assisted or skilled nursing facility. Frailty was added to the risk index scoring to demonstrate the combined ability of these indices to predict discharge disposition. (used with permission from Journal of the American College of Surgeons, 2010; 210: 901-908) 
Instrument (Independent) Activities of Daily Living
In each category, circle the item that most closely describes the person's highest level of functioning and record the score assigned to that level (either 1 or 0) in the blank at the beginning of the category.
